Introduction
Breast cancer (BC) is the most frequently diagnosed cancer and cause of cancer death among women worldwide, with 1.7 million new cases and over 520,000 deaths recorded in 2012. [1] [2] [3] BC comprises more than 20 distinct subtypes that differ genetically, morphologically, and clinically. 4 Despite the increased understanding of BC complexity, therapeutic approaches are currently largely based on clinical and pathological BC features, supplemented by hormone receptor and HER2 status, which was first systematically reported in 2000. 5 The hormone receptor-positive BC subtype, typically addressed as luminal-type breast cancer (LBC), accounts for around 70% of total BC cases, and is expected to have relatively better outcome after standard therapy. However, there are increasing numbers of LBC patients every year. A novel prognosis factor and better understanding of LBC oncogenesis may help improving BC patients' outcome.
SIRT1, a proto-member of the sirtuin family, is an NAD+-dependent histone deacetylase. SIRT1 modifies histones and nonhistone proteins through deacetylation. 6 SIRT1 plays pivotal roles in a variety of physiological processes, such as cell 
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Tan et al metabolism, proliferation, senescence, apoptosis, and tumorigenesis. 6, 7 It exercises its functions through p53, FoxO1, NF-κB, and other signaling pathways. [8] [9] [10] Our previous publication has demonstrated that overexpression of SIRT1 correlates with poor prognosis in several solid tumors, including lung cancer and liver cancer. 11 However, the role of SIRT1 in LBC oncogenesis has not yet reached a conclusion. Elangovan et al 12 reported that SIRT1 is critical for estrogen to promote BC, and the combination of SIRT1 inhibitors and antiestrogen compounds may offer more effective treatment strategies for LBC. But, Moore and Faller 13 reported that SIRT1 represses the transcriptional and proliferative response of LBC cells to estrogen.
Src, the most investigated isoform in the Src family kinases, is a nonreceptor tyrosine kinase that acts downstream of receptor tyrosine kinases and integrins in the regulation of various stages of tumor cell proliferation and survival. It plays a definitive role in tumor metastasis by regulating earlier stages of cell proliferation such as cell migration, adhesion, and invasion.
14 Previous studies have demonstrated that Src plays an important role in LBC development. High expression levels of cytoplasmic Src was associated with worse LBC-specific survival after completing 5 years of tamoxifen therapy, while this high expression did not show any association with de novo tamoxifen resistance. 15 Combination therapies using both endocrine agents and Src inhibitors may have better therapeutic effect by delaying the development of hormonal resistance. 16 In this study, we analyzed the correlation of SIRT1 and Src expression with human BC clinical factors and prognosis. Using cell proliferation assay and migration assay, we demonstrated the potential functional roles of SIRT1 and Src in LBC. Our results may make contributions to a better understanding of LBC oncogenesis, developing new targeting molecule, and improving LBC patients' clinical outcome.
Materials and methods

Tissue microarray and immunohistochemical staining
Two tissue microarrays containing 268 BC tissue specimens in total were purchased from the National Engineering Center for BioChips (Shanghai, People's Republic of China). All specimens and clinical information were obtained from Zhejiang Taizhou Hospital. Ethical approval for the present study was granted by the Human Research Ethics Committee of the Taizhou Hospital. We used SIRT1-specific antibody (#8469; Cell Signaling Technology, Danvers, MA, USA) at a 1:25 dilution and Src-specific antibody (#2109; Cell Signaling Technology) at a 1:50 dilution for SIRT1 and Src expression evaluation. Immunohistochemical staining was independently evaluated by two experienced pathologists blinded to the clinical information. The protein expression levels were graded as described previously. 17, 18 SIRT1 staining intensity in the cytoplasm of tumor cells was graded 0-3. The percentage of SIRT1-positive cells was scored as 0-4 (0%-5%, 6%-25%, 26%-50%, 51%-75%, and 76%-100%, respectively). The final SIRT1 expression score was graded as strong expression (overexpression) or weak expression, based on the sum of the intensity and percent positive scores (0-4 and .5, respectively; Figure 1 ). The expression of Src was also graded as strong (overexpression; high staining intensity, .10%) or weak expression (low staining intensity, #10%). The slides were scanned using a ScanScope slide scanner (Aperio, Vista, CA, USA), and as in Figure 1 , images of representative areas were acquired using Image Scope software (Aperio) and analyzed using Illustrator (Adobe, San Jose, CA, USA). 20 and their combinations (both purchased from Selleck Chemicals, Houston, TX, USA) were added to both chambers. After 24 h of incubation, the cells on the top were removed and the cells on the bottom of the filter were fixed and stained with 2% crystal violet solution in ethanol (Beyotime Biotechnology, Shanghai, People's Republic of China). The number of migrating cells was counted in 5 fields under an IX71 fluorescence microscope (Olympus, Tokyo, Japan), and the mean for each chamber was determined. Results are shown as the average of at least 3 independent experiments.
cell culture and transfection
Wound healing assay
The transfected MCF-7 cells were seeded into 6-well plates (5×10 5 /well). After the cell adherence with the monolayer, scratches were performed by a sterile tip (200 µL). Sterile phosphate-buffered saline was used to wash the cells twice to remove scraped cells. The medium was then replaced with 1% FBS medium with specific concentration of Ex527 (0. 
cell lysis and Western blotting
Cell lysis and Western blotting were performed as previously described, 21 using antibodies against SIRT1 (#8469; Cell Signaling Technology), Src (#2109; Cell Signaling Technology), and GAPDH (#5174; Cell Signaling Technology). The chemiluminescent blots were imaged with the Molecular Imager ChemiDoc™ XRS (Bio-Rad, Hercules, CA, USA), and ImageLab software version 4.1 (Bio-Rad) 
statistical analysis
Student's t-test was used to compare groups, and Pearson's χ 2 test to assess the correlation between variables. Cox regression proportional hazards model was used to estimate hazard ratios (HRs) for BC-specific death based on SIRT1 and Src expression. All analyses were performed using SPSS Statistics version 19 software (IBM Corporation, Armonk, NY, USA). All statistical tests were 2-sided, and a P-value ,0.05 was considered statistically significant.
Results
correlations between sirT1, src, clinicopathological characteristics, and prognosis
As shown in Table 1 , SIRT1 expression did not show any significant correlation with patient age, tumor T or N category, (Table 2) .
As indicated in Table 3 , various clinicopathological characteristics, including SIRT1 and Src, had a correlation with prognosis. Among them, SIRT1 and Src overexpression and higher T category and N category correlated with relatively poor outcome in BC. The HR and 95% confidential interval (95% CI) were 1.855 (1.14-3.01), 1.735 (1.06-2.83), 1.563 (1.04-2.35), and 1.409 (1.08-1.84), respectively. While ER and PR positivity indicated a better BC prognosis, the HR and 95% CI were found to be 0.612 (0.39-0.95) and 0.483 (0.31-0.76). In our results, Her2, Ki67, and Nottingham histology grade did not show any correlation with BC prognosis.
Using Kaplan-Meier analysis and log-rank test, we evaluated the correlations between SIRT1 overexpression and prognosis in BC patients (Figure 2A ). There was a significant association between SIRT1 overexpression and poor BC outcome: patients with SIRT1 overexpression tumor tend to have relative shorter total survival, and the P-value was 0.017. There was a similar association between Src overexpression and poor prognosis (P=0.033; Figure 2B ).
As we previously described that SIRT1 and Src tend to overexpress in the same tumor, we tried to combine SIRT1 and Src expression as one prognosis factor. Our results showed that SIRT1 and Src co-overexpression patients had the worst BC outcome, but there was no significant difference between co-overexpression and only 1 overexpression. However, the patients with both SIRT1 and Src weak expression had the best prognosis, and the P-value was 0.006 ( Figure 2C ). Then, we defined a novel prognosis factor as "SIRT1 + Src": strong as SIRT1 and/or Src overexpression and weak as SIRT1 and Src underexpression. As indicated in Figure 2D , there are significant overall survival differences between strong SIRT1 + Src patients and the weak ones. The P-value was 0.002. The HR of SIRT1 + Src was 2.218, with a 95% CI at 1.32-3.73, and the P-value was 0.003 (Table 3) . Using multifactor COX regression analysis, including SIRT1 + Src, T category, N category, ER, and PR, we found that SIRT1 + Src was an independent prognosis factor. The HR of strong SIRT1 + Src patients was 2.045 (1.19-3.51), and P-value was 0.009. Higher N category and positive PR also remained as independent prognosis factors, with HRs at 1.354 (1.00-1.83) and 0.496 (0.26-0.95), respectively. However, T category and ER showed no significant independent correlation with BC prognosis in this analysis.
When we analyzed the impact of SIRT1 + Src on survival in different subtypes of BC patients, we found that SIRT1 + Src was a prognosis factor only in LBC, with a significant P-value at 0.001. In hormone-receptor negative BC patients, this significance disappeared with P-value at 0.330 ( Figure 2E and F). There were 68 LBC patients in the SIRT1 + Src weak expression group, and only 8 of them died in the 150 months of follow-up, while 31 LBC patients died out of total 86 patients in the strong SIRT1 + Src group. In COX regression analysis, strong SIRT1 + Src showed an HR at 3.485 (1.60-7.58) in LBC patients, while the HR was 1.434 (0.69-2.98) in non-LBC patients.
McF-7 cell proliferation is suppressed by ex527 but not bosutinib
We used CCK-8 assay to evaluate the potential inhibition effect of SIRT1 and Src inhibitors on cell proliferation. 
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As indicated in Figures 4 and 5, Ex527 alone had no significant inhibition on MCF-7 cell migration in 0.2, 1, or 5 µmol/L, both in Transwell assay ( Figure 4A ) and wound healing assay ( Figure 5A ). Bosutinib shows a concentration-dependent cell migration suppression effect, and this effect was statistically significant in the 250 and 1,250 nM concentration group in the Transwell assay ( Figure 4B ; P=0.0001 and ,0.0001, respectively) and in the 1,250 nM group in the wound healing assay ( Figure 5B ; P=0.049). Our results showed there was a significantly increased migration suppression effect in the combination treatment group. In Transwell assay, 250 nM bosutinib combined with 1 µM Ex527 treatment showed a statistical significantly increased inhibition on MCF-7 cell migration, with P=0.012 ( Figure 4D ). In wound healing assay, 1,250 nM bosutinib combined with 5 µM Ex527 totally inhibited cell migration after 48-hour treatment compared to the blank control group, and the P-value was ,0.0001 ( Figure 5F ). As indicated in Figure 6 , SIRT1-specific siRNA decreased the SIRT1 and Src protein expression in MCF-7 cell line. Src siRNA treatment also showed SIRT1 and Src protein expression suppression effect compared to control groups.
Discussion
In this study, we examined the correlations between SIRT1, Src, other clinicopathological factors, and human BC outcome. SIRT1 expression did not have a significant correlation with any other clinicopathological characteristics except for Src, including patient age, T category, N category, Nottingham histology grade, ER, PR, Her2, and Ki67 status. Src overexpression was associated with T category and Her2 status, which was supported by several previous studies. 22, 23 However, our results suggested that there was no significant correlation between Src overexpression and higher N category. This result did not agree with most previous studies on Src and cancer metastasis, which suggests that Src plays a definitive role in tumor metastasis by regulating cell migration, adhesion, and invasion. [24] [25] [26] This result may be due to the following potential reasons: 1) this tissue microarray study contains 268 cases of BC tumors. Larger numbers of cases may help to gain more objective results. 2) Clinical N category depends not only on molecular biomarkers, which indicates tumor aggressiveness and metastasis tendency, but also correlates with the time interval between tumor formation and diagnosis or surgery. 27 In single-factor COX regression analysis, higher T and N category both showed associations with poor outcome, which was supported by several previous studies. 28, 29 These results indicated larger tumor size and/or more lymph node metastasis correlated with more aggressive tumor and/or longer time interval between tumor formation and diagnosis or surgery, leading to shorter overall survival and poor outcome. However, both ER and PR positivity correlated with better prognosis. Hormone-receptor-positive BC patients tend to have longer survival after standard endocrine therapy. 30 Since T and N category, ER, and PR were associated with each other, only N category and PR status showed independent effect on BC prognosis in multiple-factor analysis.
Strong SIRT1 + Src was defined as SIRT1 and/or Src overexpression, and was an ideal independent prognosis factor for human BC in both single-and multiple-factor COX regression analysis. Importantly, SIRT1 + Src showed better correlation with prognosis in LBC subgroup, while it did not have a statistical significant effect on survival in non-LBC subgroup. These results indicated that LBC patients with strong SIRT1 + Src level may need further stronger treatment with or after standard therapy. And also, as suggested Sirt and Src may have a potential interaction with hormone receptor submit your manuscript | www.dovepress.com
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Tan et al signaling pathway. Since Sirt and Src expression had no direct correlation with ER or PR status, this interaction may not be a direct regulator on protein expression level. Instead, SIRT1 and Src may play potential roles in LBC oncogenesis or endocrine therapy resistance development.
Through cell proliferation and migration assays, we found that SIRT1 inhibitor had a cell growth suppression effect and Src inhibitor suppressed LBC cell migration. The combination of these 2 inhibitors had an enhanced effect on cell migration inhibition. These results suggested that SIRT1 and Src may promote cell proliferation and migration separately, but had a synergistic effect on cell migration promotion.
We used SIRT1-and Src-specific siRNA to permanently knockdown SIRT1 and Src protein expression. We found both SIRT1 and Src siRNA treatment lead to downregulations of both SIRT1 and Src protein. A correlation between SIRT1 and Src expression was also found in tissue microarray analysis. Src was reported to suppress Sirt2 protein expression and phosphorylate Sirt2 at Tyr104 position, regulating the deacetylation activity of Sirt2. 31 And SIRT1 suppresses SKIP/Src-enhanced RAR transactivation activity.
32 SIRT1 and Src coregulate CXCR4 protein level in MCF-7 cells, indicating they share a functional crosstalk between their regulating pathways in this BC cell line. 33 All these results indicated that SIRT1 and Src may have a mutual regulation in LBC oncogenesis and development. Further studies are needed to investigate their mutual regulation mechanism and their associations with hormone receptor signaling pathway and endocrine therapy resistance.
Conclusion
In conclusion, this study has provided SIRT1 + Src combination as a novel independent LBC prognosis factor. We have further demonstrated that SIRT1 and Src may have a mutual regulation effect in LBC and that a combination of their inhibitors has a synergistic effect on MCF-7 cell migration. Further studies will be required to determine the full mechanism of SIRT1 and Src correlation and its potential for prevention and treatment of human cancers.
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